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"AIR MANAGER SYSTEM FOR METAL- AIR BATTERY" 

Technical Field 

The present invention relates generally to batteries, and more 
particularly relates to a system for controlling air flow to a metal-air banery . 

Background of the Invention 

Metal-air batteries include an air permeable cathode and a metallic 
anode separated by an aqueous electrolyte. For example, in a zinc-air 
battery, the anode contains zinc, and during operation, oxygen from the 
ambient air is converted at the cathode to hydroxide, zinc is oxidized at the 
anode by the hydroxide, and water and electrons are released to provide 
electrical energy. Metal-air batteries have a relatively high energy density 
because the cathode of a metal-air battery utilizes oxygen from ambient air 
as a reactant in the electrochemical reaction rather than a heavi^ material 
such as a metal or metallic composidcnu This results in a relatively light- 
weight battery. 

Both primary and secondary metal-air batteries have been 
developed. A rechargeable metal-air battery is recharged by applying 
voltage between the anode and cathode of die metal-air battery cell and 
reversing the electrochemical reaction. Oxygen is discharged to the 
amaosphere through the air permeable catiiode. 

Metal-air battery cells are often arranged in multiple cell battery 
packs to provide a sufficient amount of power output In addition, it is 
often necessary to expose die air cathodes of the cells to a continuous flow 
of air at a flow rate sufficient to achieve the desired power output Suchan 
arrangement is shown in Cheiky 4,913,983 wherein a fsm is used to supply 
a flow of air to a pack f metal-air battery cells. 
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One problem with metal-air batteries is that the ambient humidity can 
cause the metal-air battery to fail. Equilibrium vapor pressure of the metal- 
air battery results in an equilibrium relative humidity that is typically about 
40 percent. If ambient humidity is greater than the equilibrium relative 
5 humidity value for the metal-air battery, the metal-air banery will absorb 

water from the air through the cathcxie and fail due to a condition called 
flooding. Flooding may cause the battery to burst If the ambient humidity 
is less than the equilibriimi relative humidity value for the metal-air battery, 
the n^tal-air battery will release water vapor fipom the electrolyte through the 
10 air cathode and fail due to drying out In most environments where a metal- 

air battery is used, failure occurs firom drying out 

In electrochemical cells and in oxygen depolarized cells in particular, 
heat is generated at the cathode, anode, and electrolyte as ohmic losses and 
electrode polarization pcMential cm both charge arid discharge. In high power 

1 5 batteries, this waste heat can, at the extreme, cause the water conq)onent of 

the electrolyte to boil and can initiate rapid decomposition of battery 
components such as separators. 

The problem is especially acute in oxygen depolarized cells in that 
the oxygen diffusion electrode(cathode) typically passes water vapor as 

2 0 freely as oxygen due to the similar size and pohirization of diatomic oxygen 

and gaseous water inolecules. Thus, as air is supplied to such batteries on 
discharge, or vented on recharge (in the case of rechargeable batteries), 
water viq>or freely passes through the cathode as well. If the battery 
electrolyte temperature rises above amtnent, then the water vapor pressure at 
25 the internal surface of the gas diffusion electrode will exceed the ambient 

water vapor pressure, and the cell will lose water to die environment by 
evaporation. This can be made up by water addidon to the cell but, in many 
applications, freedom from maintenance or low maintenance is a 
requirement so minimizing water loss due to cell internal heating is of 

3 0 cridcal importance. 

Tlie traditional geometry for high power metal-air batteries and fuel 
cells made of muldpie cells is to place the anode structure between two 
cadiodes in each cell as per Katsouis et aL 3,518,123, Chodosh 3,960,600 
and Turley ct aL 4,927,717 in metal-air batteries, and Truitt 3,458,357, 
3 5 Joy 4,560,626 and Shinoizu et al. 4,562,123 in fuel cells. Vfhen cells of 
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this construction arc stacked as per Petix 3*682,705, Sauer ct 
al.4a 15,626, Niksa et ai. 4.693,946 and others, the air chambers between 
adjacent cells serve both to provide reaction oxygen and to provide cell 
cooling by heat conduction to die air stream and evs^rative cooling due to 
water vapor diffusion fiom the battery cell or fuel cell cathodes. 

Another atten^t to deal with heat generation, by increasing the air 
flow rate over the air cathode to cool the metal-air battery, is disclosed in 
Teny et aL 3,395,047. However, the increase in the air flow rate over the 
air cathode increases the rate of vaporization of the water and offsets the 
decrease in water loss from die cooling effect 

Cheiky 4.894.295 presents a cell with only one cathode in which an 
integral cathode air chamber and support provide air ducting to die cathode* 
The anode is a sqiarate sur&ce typically conqiiising a metal current collector 
and plastic outer shell* Such cells are typically (^)erated in an air manager as 
per Cheiky 4,913,983 in which the air supply is regulated in response to the 
power demand. At power levels producing above 20 ma per square inch of 
anode, the internal teixq>erature rise of such cells can cause sufBcient water 
transport from the electrolyte into the cathode air stream to adversely affect 
battery operating life. 

Another problem with a metal-air battery is diat contaminants in the 
air ^uch as carbon dioxidet cigarette smoke, and sulfides decrease the 
battery output For example, carbon dioxide reacts with the metal 
hydroxide fomied by the reaction between the anode and electrolyte. The 
reaction between carbon dioxide and the metal hydroxide forms a metal 
cailxmate compouiui that interferes with die electrochemical reactioiL The 
exposure of metal-air battery cells to contaminants is increased if the air 
flow rate over die cathodes is increased for cooling. 

Drying out and flooding are even greater problems for secondary 
metal^air batteries than for primary metal*air batteries. Although ambient 
humidity may not be sufGcient to flood or dry out a battery after a single 
cycle, cumulative water gain or loss from a series of discharge and charge 
cydes can cause preooature fiulure of a seccmdary inetal-air battery. 

Accordingly, there is a need for an air manager syston for a metal- 
air battery that minimizes the effects of ambient humidity, heat generaticni 
and contaminants on the useable life ftbebattery. 
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Summary of the Invention 

The present invention is an air manager system for a metal-air 
battery that provides air cooling to reduce the water loss to the cathode air 
5 stream, while preserving a separate cathode air flow to satisfy the power 

requirement of the battery. Generally described, the air manager system of 
the present invention directs a first air flow adjacent to the portion of the 
battery cell containing the air cathode to provide reactant air, and directs a 
second air flow adjacent to a portion of the battery cell isolated from the air 

1 0 cathode to provide cooling of the battery cell. The second air flow 

preferably passes adjacent to a portion of the cell containing the anode. By 
isolating the cooling air from the reactant air, the temperature of the battery 
cell can be kept low without exposing the cathode to an excessive air flow 
rate. This reduces tiie likelihood of drying out the battery cell and reduces 

15 the exposure of the battery cdl to ccmtaminants. 

The cathode air supply and cooling air supply can be provided by 
two fans or by one fan with the output of the fan divided into the first and 
second flows. A small quantity of air, typically 10% or less of the total of 
both flows, is directed to cathode air chambers to provide reactant air. The 

20 air supply to the cathodes must be off when the cell is not connected to a 

load and typically during recharge. However, a flow of air is stili required 
to cool the cells during recharging. Thus, an air door may be provided to 
allow direction of the second flow to cooling chaimels with the cathode 
chambers sealed ofif. 

2 S Cblls may be stacked in a battery pack with the air cathode of one 

ceU facing the anode-containing portion of another cell. Nfechaiucal spacers 
nmy t)e provided between the cells to allow the cooling air flow to pass over 
the anode assembly. Such spacers can be separate stmctures between cells. 
Or, they can be molded into the cell case adjacent to the anode, or over the 

3 0 cathode air chamber, which is maintained in isolatbn from cooling channels 

formed by the spacers* Heat transfer £rom the cell anodes to the cooling 
channels can be enhanced by using an anode case made of metal or a highly 
heat conductive plastic. 

In addition to cooling the anode area of the cell, heat removal from 
3 5 the cathode air stream becomes important if the cells have a large surface 
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area or utilize a recirculating cathode air flow (as described below). In either 
case, an integral heat exchange function between the cathode air and anode 
cooling air is accomplished by using a very thin wall between the cathode 
air.chambers and the anode cooling channels, particularly one made of a 
heat conducting plasdc or metal such as copper, nickel, moneU or the like. 

In high power applications producing above SOma per square inch 
of cathode, uniformity of air flow over the cathode can become a problem 
such that it is desirable to circulate air over the cathode at many times the 
flow rate required by the average oxygen demand of the battery. In 
practice, the recirculated air will rapidly rise in temperature at the power 
levels at which it is needed A heat exchanger therefore is jrovided, either 
external to the battery, or via the close proximity of the anode cooling air 
and the recirculating cathode air within the battery stack. The cathode air 
circulation can be cross coupled to even out the temperaoue of the cathode 
air. Furthermore, the hot section of the cathode recirculation duct can be 
used to provide humidification to the system to make up for the ongoing 
water loss via the cathode air exhaust 

Air cooling can be controlled in response to a thermal sensor to 
facilitate warm up iacold weather before cooling starts. The air cooling 
function should be independent of the cathode air supply function to 
facilitate cootiT^g d^^^ng Tgchflrgtng in insrannrts where cathndf, air circulation 
is not required, such as when recharging is done at low rates which allow 
die evolved oxygen to difinse out of the air manager u n as si sted. 

In one prcfened embodimrat of the present invention, a source of 
air under pressure is delivered through at least one reactant air inlet in a 
barrier into a plenum defined above the air cathode in the cell case of a 
metal-air battery. The reactant air inlet is sized to control the aixx)unt of 
reactant air delivered to the plenum above the air cathode. Anotherportion 
of the same air under pressure is delivered tiirou^ at least one cooling air 
inlet into contact with portions of die cell case in need of cooling, such 
portions of the case being isolated frcRn the air caduxie {denunL 

fhl^ fOTihrvtiitwnt, thft inr cathfA plgnmn is U-shflped in the plane 

of die air cathode, as shown in U.S. Patent No. 4,894,295, which is 
incorporated herein by refiocDce in its entirety. The reactaiu air inlet then is 
positioned to cootmiunicate raly with one leg (tf the U«shq)ed air plenum so 
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that the rcactant air travels firom one end of the cell in a U-shapcd path, and 
exits the plenum at the same end of the celL Openings are provided in the 
barrier to allow escape of the reactant air. Similariy, a U-shapcd path may 
be provided in a recessed bottom portion of the cell case of the type shown 
in U.S. Patent No. 4,894.295 by adhering or defining a central divider in 
the recessed bottom so that a U-shaped cooling channel is formed when the 
cell case is placed on the floor of a battery compartment or on top of another 
cell case in a stack. Again, exhaust openings are provided in the barrier to 
allow escape of the cooling air. 

In this embodiment of the present invention, means are provided for 
selectively blocking or opening the above-described passageways in the 
bairier which defines the air inlets and exhaost openings. Such means may 
preferably be a sliding baffle with complementary passageways so that in 
one podtion the passageways are aligned permitting passage of air, while in 
a laterally displaced position, the bafQe blocks all the barrier passageways. 
The baffle is preferably operated by die power switch of the associated 
portable electronic device. 

Thus, it is an object of the present invendon to provide an improved 
qyparatus and method for managing reactant and cooling air for a metal-air 
battoy. 

It is a further object of the present invention to provide an air 
manager for a metal-air battery capable of cfBdently cooling die battery. 

It is a further object of the present invention to provide an air 
manager for a oietal-air battery cell capable of reducing flooding and drying 
out problCTS vMe permitting efficient operation of the air cathode. 

It is a further object of the present invendon to provide an air 
manager for a metal-air battery cell c^)able of facilitating cold starts of the 
cell while preventing overheating during nonnal operation* 

It is a further object of the present invention to provide an air 
manager for a metal-air battery cell capable of controlling the humidity of 
and renx>ving heat fitnn the reactant air passed over an air caAode. 

Other objects, f eaoircs and advantages of the present inv»tion will 
become apparent upon reviewing die following description of a preferred 
embodiment, when taken in conjunction with tiie drawing. 
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Brief Description of the Drawing 

Fig. 1 is a pictorial view of a power supply including a battery 
compaitnient and an air manager system aa:oiding to the preset invention. 

Hg. a side cross sectional view taken along line 2-2 of Fig. 1. 

Fig. >is a pictorial view of another embodiment of an air manager 
system embodying the present invention. 

Fig. 4 is a top horizontal cross sectional view of a portion of the air 
manager system of Fig, 3, taken along line 4-4 of Hg. 3, showing the 
relationship between the barrier of the air manager syston and the reactant 
air plenum of a metal-air celL 

Fig. 5 is a vertical cross sectional view of the switch mechanism 
taken along line S-S of Fig. 4. 

Hg. 6 is a vertical cross sectional view of two stacked metal-air cells 
taken along line 6-6 of Hg. 4. 

Hg. 7 is a plan view of a bafQe fornmg pan of a barrier of die air 
manager system of Hg. 1. 

Hg. 8 is a pictorial view of a cathode air duct into the top of which 
are molded spacers forming cooling air channels. 

Hg. 9 is a side view of a stack of metal-air cells utilizing air duct 
moldings of the type shown in Hg. 8. 

Hg. 10 is an oqploded view of ametal-air cell including a removable 
air connoi and heat exchange assCTbly. 

Hg. 11 is a pictorial view of the cell of Hg. 10 in assoobled fiornL 

Hg. 12 is a diagrammatic side view of a reactant air recirculation 
system for a battery inchiding a stack of metal-air cells. 

Hg. 13 is a diagrammatic top view of a reactant air recirculation 
system fcn-a battery with two stacks of metal-air ceils, and including a cross 
mixing duct 

Detailed Description 

Referring now in xoatt detail to the drawing, Hg. 1 shows a power 
supply 10 including an air manager system embodying the present 
invention. As best shown in Hg. 2, two metal-air cells 12 are stacked one 
above th tiier. Eadi cell 12 ccmsists of a cell body 13, whidi includes an 
air cathode (not shown) along the top surface of die cell body, an anode (not 



wo 94/02966 



PCr/US93/06862 



8 

shown) in the bottom area erf the cell body, and a cathode air duct 14 which 
provides an air chamber or plenum above the air cathode. 

A plurality of spacers 15 extend across the stack under the cell 
bodies 13, fomiing cooling air channels 16, The spacers 15 under the cells 
5 12 direct cooling air adjacent to the portion of the cell ccmtaining the anode. 

The spacers can be separate members, in which case the lowermost cell is 
raised on a set of spacers and another set is positioned between the cells. 
As described in more detail below, the spaces alternately can be formed as 
part of the cathode dua or the bottom of the cell body case. 
10 A cooling air plenum 18 is attached to the side of the power supply 

10 and extends to cover the cooling air channels 16. One or more cooling 
air fans 20 are portioned at the opening of the plenum 18, which directs air 
fiom the £ans 20 into and through the channels 16. The cooling air exits the 
channels 16 at the other end (not shown) of the cell bodies and is exhausted 

1 5 from the sjrstem. 

The stack of cells 12 is enclosed by a housing including a pair of 
side panels 22 and a top panel 23. The side panels 22 define a plurality of 
vent openings 25 ^)aced apart from one another in rows at the levels of the 
cathode air ducts 14. Thus, in the two-cell stack shown, there are four 
20 rows of openings 25, two in each side panel 22. An air door or bafSe 27 is 

slidably positioned between each row of openings 25 and the adjacent 
cathode air duct 14. Openings 28 in the air doors 27 align with the 
openings 25 of the side panel when it is desired to aUow air to flow through 
die air ducts 14w Hie air doors 27 are moved to a position in which the solid 

2 5 portions of the air doors block the openings 25 to prevent flow at 

approiffiate times, such as wha no load is applied to the battery. 

Hg. 3 shows another embodiment of an air manager system 40 
embodying the present invention, soounted in a lower bousing 42 of an 
electronic device such as a hqrtopconiputer (not shown). At one end of the 
30 housing 42 is a battery compartment 44, shown CQC^ty in Fig. 3. Attheend 

of the housing 42 opposite the compartment 44 a fan 50 is positioned to 
draw in outside air and force it tiirough both arms of a U-shaped duct 51. 
The fan in the embodimrat shown has a capacity of about 4 cubic feet per 
minute. The arms of the dua 51 terminate at a barrier 55 which divides the 

3 5 housing 42 and defines one side of die battery compartment 44. Thebarrier 
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55, about 12 inches by I and 1/4 inches in the embodiment shown, defines 
four types of openings therethrough: rcactant air inlets 57. reactant air 
exhaust openings 58, cooling air inlets 60, and cooling air exhaust 
openings. The passageways are arranged in four rows. A top row includes 
eight pairs of small openings consisting, from left to right in Fig. 3, of a 
pair of reactant air exhaust openings 58, two pairs of reactant air inlets 57, 
two pairs of rciEu:tant air exhaust openings 58, two pairs of reactant air inlets 
57, and a pair of reactant air exhaust openings 58. A second row below the 
first row consists of a cooling air exhaust opening 6 1 , two cooling air inlets 
60, two cooling air exhaust openings 61, two cooling air inlets 60, and a 
cooling air exhaust opening 61. 

As shown in the drawing, the cooling air opoiings 60 and 61 are 
substantially larger than the reactant air openings 57 and 58. The reactant 
air openings 57 and 58 may preferably be about 3/16 inch by 1/8 inch in 
size, and the cooling air openings 60 and 61 may preferably be about 5/8 
inch by 1/8 inch* It will be understood that the size of these openings can 
be varied according to the nature of the cells used, in order to provide an 
acceptable flow of reactant air and an amount of cooling air sufficient to 
mfliffifiiifi the temperature of the cells below a selected maximum 
temperature. 

The third and fourth rows of passageways duplicate die first and 
second rows, respectively. Each aim of the duct 51 meets the barrier 55 to 
supply air under pressure through one of the two groups of vertically 
aligned inlet openings 57 and 60, leaving a group of exhaust openings 
between the arms of the duct, and smaller groups of exhaust openings 
betweeatheaxmsof the duct and the side walls of the housing 42. 

As shown in Rgs. 4 and 6, die air passageways in the barrier 55 
are positioned to direct ak in a particular txianner tt) axui from eig^t n^ 
cells 65 in the battery compartnsent 44, positioned against the barrier 55. 
The cells 65 in the embodimat shown are each approximately 5/8 inch 
high by 3 inches wide by 5 and 3/4 inches long, and are stacked two deep in 
thecoa9artnient44. Each cell 65 defines a reactant air plenum 67 above an 
air cathode 73. The plenum 67, about 1/8 inch high, is open to the barrier 
55 at one end of the cell, and includes a rib 68 extending along die center of 
the plenum from the barrier 55 to aposition spaced from the qyposite end of 
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the plenum. Thus, the plenum 67 forais a U-shaped channel for passage of 
air over the air cathode 73. The rib 68 meets the bairicr 55 between a pair 
of reactant air inlets 57 and a pair of reactani air exhaust openings 58, so 
that air blown by the fan 50 moves from the duct 51 through two of the 
inlets 57, passes the length of the plenum 67 on one side of the rib 68, 
passes in the opposite direction along the other side of the rib 68, and exits 
through two of the exhaust openings 58, The exhausted air may be vented 
to atmosphere through vents 40 famed in the housing 42. 

Each cell 65 also defines a recessed bottom panel 69 which provides 
a cooling channel for cooling air. The recessed bottom is open to the barrier 
55 at one end of the cell, and includes a divider 71 extending along the 
center of the recess from the barrier to a position spaced firom the opposite 
end of the plenum. A U-shaped cooling channel is thus formed beneath the 
cell 65 between the recessed bottom 69 and either the floor of the housing 
42 or the top of another cell 65 on which the cell is stacked, as shown in 
Fig. 6. Heat transfer from the cell anodes to the cooling channels can be 
enhanced by using a metal anode case instead of plasdc. The divider 71 
meets the barrier 55 between a pair of cooling air inlets 60 and a pair of 
cooling air exhaust openings 61, so that air blown by the fan 50 moves 
firom the duct 51 tluough inlets 60, passes the lengdi of the recessed bottom 
69 on one side of the divider 71, passes in the opposite direction along the 
other side of the divider 71, and exits through the exhaust openings 61. 
The exhausted air may be vented to atmosphere through the same vents 70 
in the hoosmg 42 as the exhausted reactant air. 

A gasket (not shown) having openings matching those in the barrier 
55 may opdraaUy be placed between the barrier 55 and the cells 65 to 
prevent leakage of air as it passes into or out of the cell 

The case of the metal*air battery cell 65 defines an electrolyte 
compartment 44 between the air cathode 73 and the bottom 69. An anode 
76 is located in the lower portion of the conq)artment 74. A cell that can be 
adapted for use widi the air manager system of the present invention is 
described in U.S. Patent No. 4,957,826, which is incorporated herein by 
reference in its entirety. 

A detailed view of the construction f die barrier 55 is shown in Hg. 
4. The barrier includes two spaced apart outer plates 80 and 81, botii of 
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which include identical, aligned passageways 57. 58, 60 and 61 as 
described above. A baffle 82 is slidably positioned between the plates 80 
and 81. The baffle 82. shown in plan view in Fig. 7, includes a plurality of 
baffle openings 84 and 85 positioned so that all of the openings 57, 58, 60 
and 61 arc unobstructed when the baffle is in its open position, as shown in 
Fig. 4. When the baffle is moved to the left, as viewed in Fig, 4, all of the 
rcactant air passageways 57 and 58 are blocked off so that no firesh air can 
enter the rcactant air plenum 67 from the duct 51 or back through the 
exhaust openings 58- However, the baffle openings 85 preferably leave the 
cooling air passageways 60 and 61 arc open at all times, even when the fan 
20isoff. 

The baffle 82 is operated manually by means of a switch 86 located 
behind the barrier 55 at one end thereof. The switch 86 includes an actuator 
head 87 slidably mounted in a slide mounting block 92, which may be 
formed as an integral part of the housing 42, as shown in Hg. 5. The 
actuator head 87 is attached to a neck 88 which slides alcmg a slot 93 in the 
block 92. A switch arm 89 extends from the neck 88 out the side of the 
block 92. The actuator head 87 also defines an actuator finger 90, which 
extends through an opening 98 in the barrier plate 80 into a socket 99 in the 
baffle, and a notch 95 in the side of the head 87 opposite the finger 90. The 
notch 95 is positioned to receive the lever of a power switch 96 which is in 
its "on" position when the baffle 82 is in the position shown in Hg. 4. The 
power switch 96 is connected to die fan 50 and to die load, such as a 
coaq>uter, by conventional circuitry (not shown). When the arm 89 is 
grasped and pulled out into the position shown in Fig. 4, the finger 90 
inoves the baffle 82 such that the air inlets and exhaust opoings are opened . 
at die same time as the power switch 96 is turned on, allowing the fan 50 
and the load to draw power from the cells 65. Initial operation of the fan 
may be started using residual power of the cells 65, as described in U.S. 
Patent No. 4,913,983, which is incorporated herein be refmnce in its 
entirety. Alternately, die fan may be started using an inexpensive auxLiLiry 
cell (not shown) mounted in the housing 42. When the arm 89 is pushed 
toward the tno^pHng block 92, the cells are cut o£f from the fan and load by 
the switch 96, and the rcactant air' plenum 67 is isolated t prevent 
unnecessary discharge of die cells 65. 
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The reactant air inlets 57 are sized to permit a desired flow of air 
through each reactant air plenum 67, and the desired flow will vary 
depending on the size, voltage and chemistry of the particular cells being 
used The flow may be controlled to provide an air flow as described in 
U.S. Patent No. 4,221,644, which is incorporated herein by reference in its 
entirety. 

Operation of the air manager system of Figs. 3 through 7 will be 
apparent from the foregoing description. A battery of eight fresh ceils 65 
may be placed into the compartment 44 with the open ends of the cells 65 
pressed against the barrier 55. The lower housing 42 may then be attached 
to the electronic device to be powered by the battery, and electrical 
connections (not shown) made to the switch 96. When the switch arm 89 is 
pulled outwardly, the baffle 82 slides to open air inlets 57 to the reactant air 
plenums 67 of the cells 65 and the fan is turned on. Air is moved from the 
duct 51 through the barrier 55 to provide oxygen to the air cathodes 73, and 
power is generated by the metal-air cells 65 in a well-known manner. To 
terminate discharge of the cells, die switch arm 89 is pushed inwardly until 
die baffle closes off the reactant air passageways and the power switch 96 is 
turned off. 

Thus, it will be understood that the air manager system 40 separates 
the reactant air from the cooling air, thereby making it possible to provide 
higher cooling air flow while limiting the reactant air flow to a level at which 
the cells will not dry out. 

Figs. 8 and 9 show an alternative manner in which to define a 
reactant air chamber and separate cooling channels in a single molded 
cathode air duct 114. The integral moMing 114 defines in its top portion a 
plurality of alternating raised spacers 115 and cooling air chaimels 116 
therebetween. The doct 114 may be positioned to fcmn a hood over the air 
cathode of a cell body 13 as shown in Figs. 1 and 2. The reactant air flow 
enters and exits through openings 129 along the ends of the duct 114. The 
raised spacers 115 function in the same way as the separate spacers shown 
in Figs. 1 and 2, to direa air which cools the anode area of a cell resting on 
the spacers 115. For convenience, a duct 114 may also be placed on the 
floor of the battery housing to define the lowCTiost cooling channels, as 
shown in Fig. 9. 
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When excess heal builds up in the cathode air chamber under the 
duct 114» such heat can be removed via heat exchange to the cooling air 
channels 116. This can be facilitated by forming the duct 114 from a thin 
heat-conductive plastic or metal. Control over the oxygen passing over the 
5 air cathode is still niaintaincd because there is no mixing of the cathode air 

flow with the cooling air flow. 

Hgs. 10 and 1 1 show another embodinient of a metal-air cell casing 
120 including a heat-exchanging air channel frame assembly 122. Fig. 10 
shows an exploded view of the components of the assembled cell 120 
1 0 shown in Fig. 11. The frame assembly 122 includes four rails attached to 

form a rectangular frame, two parallel cooling channel rails 124, and two 
parallel teactant air channel rails 125. Each of the rails 124 and 125 defines 
an inwazdly extending ledge 127. A thin heat-exchanging barrier sheet 130 
rests on the ledges 127 at a position about midway between the top and 
15 botuxn sm&ces of the tails 124 and l2S. 

A pair of load-bearing spacers 131 extend along the top surface of 
the sheet 130. Opposite ends of the spacers 131 engage the cooling air 
channel rails 124. Similarly, another pair of spacer 132 extend along the 
bottom surfrice of die sheet 130 perpendicular to the spacers 131, and 
20 engage the leactant air channel rails 125. 

Each of the cooling channel rails 124 defines a plurality of upward 

projecdcms 135 sqranued by cooling air cut-outs 136. The next hi^er cell 
in a stack will rest on the projecdons 135 and the spacers 131. The 
openings 136 are located between the spacers 131 and extend no farther 

2 5 dian the baxrier 130 so that cooling air may be directed in through the 

openings 136 in one rail 124, across the barrier sheet 130 between the 
battier sheet and the cell immediately above, and out through the opening 
136 in the opposite rail 124. 

Similarly, each of the reactant air channel rails 125 defines a 

3 0 plurality of downward projections 138 separated by cooling air cut-outs 

139. The openings 139 are located between the spacers 132 and extend no 
fiodierdianthebanier 130 so that cooling air may be directed in through the 
openings 139 in one rail 125, below die banier sheet 130 between the 
barrier sheet and the air cathode immediately below, and out duough the 
3 5 opening 139 in the opposite rail 125. The barrier permits efficient heat 
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exchange between the reactant air passing below the barrier through the 
reactant air openings 139» and the cooling air passing above the barrier 
through the cooling air channel openings 136. 

As shown in Fig. 11, a cell body 13 is equipped with a pair of L- 
5 shaped screen members 140 extending upwardly from opposite sides of the 

cell body and inwardly for a short distance above the air cathode. The 
screen memben 140 thus form a channel for slidably receiving the 
assembled air channel frame 122, with the projections 138 and the spacers 
132 adjacent to the air cathode of the cell The screen openings allow 

1 0 sufficient reactant air to pass through the openings 139, and if desired, may 

be sized to restria and control the amount of reactant air flow. The screen 
members may be made of a woven screening material or any appropriate 
perforated she^ material 

It should be understood diat cells of the type shown in Figs. 10 and 

15 11 can be used with fans and air doors as shown in Hg. 1* or with 

recirculation systems to be described in connection with Hgs. 12 and 13. 

Figs; 12 and 13 show anodier embodiment of the present invention 
in which an air manager system ISO provides uniforaoity of air flow over 
the cathode by recirculating air over die cathode. As noted above, 

20 uniformity of air flow can become a problem at xtlativdyMghcuneml^ 

per area of cathode. To provide recirculation for a stack of cells of the type 
shown in Hgs. 1 and 2, an inlet plenum 152 is positioned to direct air to aU 
of the cathode chambers 14 in the stack. On the other side of the stack, an 
outlet plenum 153 collects the air that has passed dxcough all the chambers 

25 14. A coimecting duct 155 collects air from the outlet duct 153 and returns 

it to the inlet duct 152 by means of a recirculation fan 156 located ia die duct 
155. 

Tbe amount of reactant air may be regulated in response to power 
demand and to accommodate different needs during discharging and 

3 0 recharging. The amount of oxygen available to the cadiodes can be varied 

by varying the recirculating rate of the fan 156, which may recirculate the 
reactant air at many times the flow rate required by the average oxygen 
demand of the battery. Furthermore, new air can be admitrcri to the 
recirculation system in a controlled manner doou^ aone-way air inlet valve 

3 5 158 in the duct 155 between the oudet plenum 153 and the fan 156. The 
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valve can be operated in response to pressure differentials in the duct 155. 
An excess air relief valve 159 is located in the duct 155 downstream of the 
fan. The valve 159 also can be prcssure-iesponsive. and can be designed to 
release air in quantities sufficient to balance the new air received throu^ the 
valve 158. It should be understood that the functions of the valves 158 and 
159 can also be performed by air doon of the type described in connection 
with previous embodiments. Fans 160 provide anode region cooling 
through cooling channels 16 in the manner described above. 

In practice, the recirculated reactant air will rapidly rise in 
temperature at the power levels at which it is needed. Heat exchange 
between the cooling channels and adjacent cathode air chambers can be 
provided to cool the reactant air, as previously described* However, a 
temperature gradient will exist between the ends of the cooling chaimels. 
For exanq)le, for one foot by two foot surface area cells at 50 amps and 
1000 feet per minute air flow through 0.1 inch anode cooling air gaps, a 
texiq)eratuie rise of 10^. is typical This gradient will be transposed on the 
recirculating reactant air flow in the adjacent cathode air chambers, so care 
nxust be taken to noix tiie cathode air cm each pass. 

Fig. 13 shows a cross amting system 162 in which the recirculation 
flow is cross coupled between two stacks of cells 164 and 165. The 
transverse cooling channels (not shown) of the two stacks are 
interccmnected so that cooling air from cooling fans 166 passes through 
both stacks. An inlet plenum 167 and an outlet plenum 168 direct the 
reactant air to and collect the reactant air from the fitst stack 164, in a 
manner described above in coimection with Rg. 12. Similarly, an inlet 
plenum 169 and an outlet plenum 170 direa the reactant air to and collea the 
reactant air from the first stack 165. However, a cross mixing duct 172 
transfers the air from the outiet duct 168 to die inlet duct 169 of the second 
stack 165. A connecting duct 174 containing a reactant air fan 175 directs 
air from the outlet dua 170 to the inlet duct 1 67 of the first stack 1 64. 

Thus, reactant air from the first stack 164 that has undergone heat 
exchange with the cooling air at the "hot" end 177 of the cooling duumels is 
passed into the reactant air chambers of Ae second stack 165 for heat 
exchange with cooler air nearer to the cooling air fans 166. This cross 
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mixing has the effect of evening out the temperature of the reactani air 
throughout the cells in both stacks. 

Air quantity control can be effected in the same manner as described 
in connection with Fig. 12. A fresh air inlet valve 178 is provided in the 
5 duct 174 upstream of the fan 175, and an excess air relief valve 179 is 

located downstream of the fan 175. Furthermore, a hot section 180 of the 
oudet plenum 168 can be used to provide humidificarion to the system to 
make up for the ongoing water loss via die cathode air exhaust This can be 
done via evaporation from a moisturized absorber, such as cotton, sponge, 
10 or the like, sealed in the plenum 168 of a maintenance free battery. In large 

batteries, a water source 182 can be rigged to feed a constant supply of 
water to an absorber, spray system, or other conventional humidification 
system located in the hunudificadcm zone 180. 

Many air cathode/electrolyte/anode systems have been developed for 

1 5 metal-air cells. The air management concepts disclosed herein tnay be 

applied beneficially to virtually any cell that can be housed in a manner 
similar to that described above. 

U should be understood that the foregoing relates only to a preferred 
embodiment of the present invention, and that numerous changes may be 

2 0 made therein without dq)arting &x>m the spirt and scope of the invention as 

defined by the following claims. 
What is claimed is: 
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OAIMS 



1 . An air manager system for a metal-air battery cell having an air 
cathode, comprising: 

5 means for directing a first flow of air adjacent to the air cathode 

to provide reactant air, and 

means for directing a second flow of air adjacent to a pordon of 
the cell isolated from the air cathode to provide cooling of the cell 



10 2. The apparatus of Qaim 1, further comprising means for 

selectively enclosing said air cathode to terminate discharge of said cell 
without intCTupdng said second air flow for cooling. 

3. ThcapparatusofClaiml, wherein said portion of the battery 
IS cell isolated firom the air cathode is a pordcm of the cell adjacent to an anode 

of said celL 



4. TheapparatusofCIaimS, wherein said first flow of air crosses 
said cell in a first directira, and wherein said second flow crosses said cell 

20 in a diiecdon generally transverse to said first directuML 

5. The apparatus of Claim 3, wherein said anode is separated fiom 
said cooling second air flow by a higjdy heat conductive niaterial. 
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6. An air manager system for a metal-air battery pack including a 
pair of metal-air cells each including an air cathode positioned along one 
side of the cell and an anode positioned adjacent to the opposite side of die 
cell, comprising: 

5 means for defining a reactive air plenum adjacent to each of said 

air cathodes; 

means for directing a reactant air flow through said reactive air 

plenums; 

means for defining a cooling air passageway adjacent to each of 

1 0 saidanodes; 

means for directing a cooling air flow through said cooling air 
passageways; 

means for positioning said cells with the cathode side of one 
cell facing the anode side of the odier cell; and 
IS ' a heat-exchanging material separating said reactive air plenum 

from said cooling air passageway. 

7. An air frame for a metal-air battery padc inchiding a pair of 
metal-air cells eadi including an air cadiode positioned along one side of the 

2 0 cell and an anode positioned adjacent to the opposite side of the cell, 

comprising: 

a housing positioned between said cells with the cathode side of 
one cell adjacent to a first side of said housing and the anode side of the 
other cell adjacent to a second side of said bousing; and 
25 a heat-exchanging partition dividing said housing into two 

chambers, a reactant air chamber in communication witb die cathode of said 
one cell, and a cooling air chamber in coimnunication with the anode side of 
said other cell; 

said chambers each defining entry and exit openings for airflow 

3 0 dierethrough. 
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8 . The apparatus of ri^im 7, wherein said housing includes a first 
pair of frame memben supporting opposite edges of said partition and 
defining a plurality of entry and exit openings on one side of said partition, 
and a second pair of frame members supporting opposite edges of said 
partition not supported by said first pair of frame members, and defining a 
plurality <rf entry and exit openings on the other side of said partition, 

9 . The apparatus of ^^^rn g, further ccMnprising a plurality of load 
bearing spacers positioned on both sides of said partition, 

10. An air manager system for a metal-air battery pack including a 
pair of metal-air cells each including an air cathode positioned along one 
side of the cell and an anode positioned adjacent to die opposite side of the 
cell, comprising: 

means for defining a cooling air passageway adjacent to each of 
said anodes; 

means for directing a cooling air fiow through said cooling air 
passageways; 

means for defining a reactive air plenum adjacent to each of said 
aircatiKxles; 

means for recirculating a reactant air flow through said reactive 
air plenuntis indq)endent of said cocding air flow. 

11. The apparatus of Claim 10, wherein said battery pack 
includes two groups of said cells, and wherein said means for recirculating 
H ffl^^ i Tftflctnnt air flaw cnmpriscft means for repeatedly in sequence directing 
said reactant air flow through the reactive air plenums of said first group of 
cells, and then through the reactive air plenums of said second group of 
cells. 

12. The apparatus of Claim 10, further comprising heat 
exchax^ txieans for coding said recirculating reactant air flow. 

13. The apparatus of f^ai*" 12, further comprising means for 
flffamtring fitesh air into said redxcnlating reactant air flow. 
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14. The apparatus of Claim 13, further comprising means for 
humidifying said redrculadng leactant air flow. 

15. An air manager system for a metal-air cell having an air 
cathode, comprising: 

a housing in which the cell is positioned; 

means for directing a reactant air flow through a reactant air 

inlet to an air cathode chamber, 

means for exhausting the reactant air flow from the cell; 

means for directing a cooling air flow through a cooling air 
inlet adjacent to a pcmion of the cell isolated fiom the air cathode; and 

means for exhausting die cooling air flow ficom the housing; 

the xeactant air inlet being sq)arate from the cooling air inlet 
and being isolated firom die exhausted coding air flow. 

16. The system of OaimlSt wherein the means for diiecdng die 
reactant and cooling air flows cooqmse a barrier defining the reactant air 
inlet and die cooling air inlet 

17. The system of Claim 16, wherein the barrier further 
conqmses n»ans for selecdvdy closing and (^)ening the xeactam 

18. The system of Claim 16» wherein die means for exhausting 
the reactant air flow includes at least one reactant air exhaust opening in the 
barrio tfarou^^ urtiich the reactant air flow passes in leaving the cell, and 
^exein die means for exhausting the cooling air flow includes at least one 
cooling air exhaust opening through which the cooling air flow passes in 
leaving the cell, the exhaust openings being separate from each other and 
fiom die inkt openings. 

19. The system of Claim 18, wherein the barrier funher 
comprises means for selectively closing and opening the reactant air inlet 
and exhaust openings. 
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20. The system of Claim 19, wherein the means for selectively 
closing and opening comprises a baffle slidably positioned adjacent to die 
barrier, die baffle being movable between a first position in which baffle 
openings defined in the baffle communicate with die reactant air inlet and die 

5 reactant air exhaust opening, and a second position in which die baffle 

blocks the reactant air ixdet and the reactant air exhaust opening. 

21 . The system of Claim 20, wherein die baffle furdiCT defines 
baffle cooling openings which communicate widi the cooling air inlet and 

1 0 cooling air exhaust opening in bodi positions of the baffle. 

22. Thcsystcmof Claim 21, wherein die means for directing the 
icactant air and cooling air flows includes a fan and a duct connecting the 
fan widi the reactant air and cooling air inlets of the barrier. 

15 

23. An air manager system for a metal-air cell having an air 
cadiode, comprising: 

a housing divided into a battery section and a fan section by 
a barrier, the cdl being located in die battery section of die housing adj accnt 
20 todiebarrier, 

at least erne reactant air inlet defined in the barrier and 
positioned to communicate with a reactant air plenum adjacent to the air 
cathode; 

at least one reactant air exhaust opening defined in the barrier 
25 arid portioned to ccmnnunicaie with die reactant air plennrn; 

at least one cooling air inlet defined in the barrier and 
positioned to conmnunicate with a cooling air channel adjacent to a portion 
of die cell isdated fitHn the air cadiode; 

at least one cooling air exhaust opening defined in the barrier 
30 and positioned to comrnunicate widi the cooling air channel; 

the reactant air inlet and exhaust opoiing and die cooling air 
inlet and exhanst opening each being a separate passageway through die 

barrier; 

a duct positioned in die fan section of the housing and 
3 5 joining the barrier at one end of die duct so as to surround die reactant air 
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and cooling air inlets and to isolate such inlets from the reactant air and 
cooling air exhaust openings; and 

a fan positioned to direct air from outside the housing along 
the duct toward the barrier, through the inlets and out of the respective 
5 exhaust openings. 

24. The air manager system of Claim 23, further comprising 
means for selectively opening and closing the reactant air inlet and reactant 
air exhaust opening. 



10 
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